ABSTRACT: The plankton community was investigated in Disko Bay, West Greenland, in August 1998, and the importance of phytoplankton versus zooplankton in providing substrates for the bacterial community was evaluated. Two distinct plankton communities were observed. In the stratified north side of the bay the surface water was nutrient depleted and high biomasses of phyto-, zoo-and bacterioplankton were observed; in contrast, the south side had less pronounced stratification, higher concentrations of nutrients and lower plankton biomass levels. Accompanying differences in the relative importance of the different sources of substrates for the bacteria were indicated from carbon flow scenarios and correlations between bacterial production and plankton biomass. These showed that the protozooplankton were most important in the north, while in the south the contributions from phytoplankton and zooplankton to the bacteria substrate pool were equal. Overall, the ciliates and heterotrophic dinoflagellates played a key role as grazers and in providing substrates for the bacteria in this arctic ecosystem.
INTRODUCTION
Of central importance in research on cycling of organic matter in arctic marine food webs is the role of bacteria. Bacterial production has been suggested as being uncoupled from primary production during the spring bloom in cold areas because temperatures near zero inhibit bacterial metabolism more than primary production (Pomeroy & Deibel 1986) . If this is true, this would lead to a larger fraction of primary production being directly available to planktonic grazers and the benthic community (Pomeroy & Wiebe 1988) . Others have stated that the trophic structure of the pelagic community leading to differences in availability and composition of substrates for bacteria may be equally or more important than temperature (Pomeroy et al. 1991 , Thingstad & Martinussen 1991 , Yager & Deming 1999 . During the arctic summer, however, the role temperature plays in controlling bacterial production will probably be less important since the surface waters are often well above zero.
Generally, correlations are found between bacterial production and chlorophyll a (chl a) and primary production (Cole et al. 1988 ). However, in most pelagic systems less than half of the bacterial carbon demand can be sustained by release of carbon directly from phytoplankton (Baines & Pace 1991) . Studies have demonstrated that release by zooplankton grazing contributes to the pool of dissolved organic material (DOM). Theoretical arguments by Jumars et al. (1989) suggest that leaking from fecal pellets may be important especially during times of high food availability. Laboratory experiments have shown that, due to sloppy feeding, the DOM contribution from copepods is important when phytoplankton cells are large (E.F.M. & T.G.N. unpubl.) . The production of DOM by protozooplankton is documented for nanoflagellates and dinoflagellates (Nagata & Kirchman 1992 , Tranvik 1994 , Strom et al. 1997 , Ferrier-Pagès et al. 1998 ) and for ciliates (Strom et al. 1997 , Ferrier-Pagès et al. 1998 ).
Field studies and mesocosm experiments investigating the importance of zooplankton grazing for DOM production in marine waters have focused on the effects of copepods. Correlations have been found between copepod abundance and amino acid concentration in the water column (Poulet et al. 1991) , and the presence of copepods has been shown to stimulate bacterial production (Eppley et al. 1981 , Roman et al. 1988 , Peduzzi & Herndl 1992 . Evaluating the importance of protozooplankton in natural environments is a more difficult task due to the size overlap with the phytoplankton.
In arctic marine systems, the significance of protozooplankton in the planktonic food web has been documented as being comparable to that in temperate areas (Andersen 1988 , Nielsen & Hansen 1995 , Sherr et al. 1997 . A main difference in the annual cycle between the 2 latitudes is the reduced top-down control of the plankton community in the late summer in the arctic areas ). The population of the large copepods (Calanus spp.) migrates to the deep water and starts hibernation around midsummer, thus leaving the productive layers for protozooplankton and smaller copepod stages and species . It is therefore hypothesised that small grazers are of importance not only as grazers but also as producers of bacterial substrate during late summer.
The present study investigates the plankton community structure in Disko Bay during the late arctic summer with special emphasis on the potential sources of substrates for the bacterial community.
MATERIALS AND METHODS
Study site. The present study was conducted on a cruise of the RV 'Adolf Jensen' (Grønlands Naturinstitut, Nuuk) from 20 to 25 August 1998 along a transect across the entrance of Disko Bay, West Greenland (Fig. 1) .
Hydrography. Vertical profiles of temperature, salinity, fluorescence and light intensity were obtained from the surface to 120 m with a Seabird CTD system equipped with a fluorometer. The in situ fluorometer measurements were calibrated against spectrophotometrically determined chl a content in the water samples and a linear regression was conducted (n = 43, r 2 = 0.61, p < 0.01). Based on the water column structure and fluorescence profiles, 3 to 5 depths were selected for biological and chemical measurements. Water sam-ples were collected using Niskin bottles equipped with Teflon-coated springs. Irradiance data were obtained from the Arctic Station, Qeqertarsuaq, University of Copenhagen.
Nutrients. Samples for determination of nutrient concentrations (NH 4 + , NO 2 -, NO 3 -, PO 4 3 -, and SiO 4 3 -) were frozen immediately. Measurements were carried out at the National Environmental Research Institute, Roskilde, Denmark, on an automatic nutrient analyzer following Grashoff (1976) . The detection limits were 0.6, 0.03, 0.06, 0.09 and 0.12 µM for NH 4 + , NO 2 -, NO 3   -,  PO 4 3 -and SiO 4 3 -, respectively. Phytoplankton. Samples for chl a measurements were placed in the dark and filtered within 1 h in duplicates onto GF/F, 11 and 45 µm filters, extracted in 96% ethanol (Jespersen & Christoffersen 1987) and measured spectrophotometrically (Strickland & Parsons 1968) . A conversion factor for chl a to carbon of 43 determined in Disko Bay during the late summer of 1994 was applied . Phytoplankton abundance and species composition were determined by inverted microscopy using samples preserved with Lugol's solution (3% final concentration) collected from the surface and fluorescence maximum of 4 selected stations.
Primary production was calculated using field measurements of phytoplankton biomass, underwater irradiance, and parameters of light-saturated photosynthesis (P max ) and light limitation (α) from Markager et al. (1999) . Those authors reviewed photosynthetic parameters in waters between -2 and 6°C and found a mean of P max = 1.38 ± 0.89 (SD) g C g -1 chl a h -1 and α = 6.12 ± 4.8 (SD) g C g -1 chl a m 2 mol -1 quanta for marine phytoplankton.
Bacteria. Samples for bacteria biomass were placed in 20 ml vials and fixed with buffered formalin (2% final concentration). Samples were filtered onto 0.2 µm black polycarbonate filters and stained using acridine orange (Hobbie et al. 1977) . At least 400 cells were counted per filter. The cell volume was estimated by length and width measurements of 50 cells per filter and converted to carbon using a conversion factor of 0.22 pg C µm -3 (Bratbak & Dundas 1984) . Bacterial production was measured by the incorporation of 14 C-leucine (Kirchman et al. 1985 ) and 3 Hthymidine (Fuhrman & Azam 1982) . Immediately after sampling, triplicate samples were incubated with 50 nM 14 C-leucine and 0.1 nM 3 H-thymidine for 1 h at in situ surface water temperature. The thymidine concentration was intended to be 10 nM but, by mistake, nonradioactive thymidine was not added. The incubations were stopped by the addition of buffered formalin (2% final concentration). Blanks were prepared by the addition of formalin prior to addition of isotopes. Samples were filtered onto 0.2 µm cellulose nitrate filters, washed 10 times with ice-cold TCA and counted by liquid scintillation counting. The incorporated 14 Cleucine was converted to carbon production by assuming that the fraction of leucine in protein is 0.073 and the fraction of carbon in protein is 0.86 (Simon & Azam 1989) . Isotope dilution measured in water samples near Stn 1 was 1.3 (W. Martinsen pers. comm.). The incorporated 3 H-thymidine was converted to carbon production using a factor of 1.1 × 10 18 cells mol -1 thymidine incorporated (Riemann et al. 1987 ) and a carbon content per volume of 0.22 pg C µm -3 (Bratbak & Dundas 1984) .
Heterotrophic nanoflagellates. Samples (10 ml) from 10 m were fixed with buffered formalin (2% final concentration) and kept cold until preparation of the filters. Samples were filtered onto 0.8 µm black polycarbonate filters and stained using proflavine (Haas 1982) . The abundance and biovolume of heterotrophic nanoflagellates were determined by epifluorescence microscopy, examining the total filter and assuming a carbon content per volume of 0.11 pg C µm -3 (Edler 1979) . The clearance rate was assumed to be 10 5 body volume h -1 (Hansen et al. 1997 ). Ciliates and heterotropic dinoflagellates. Samples from 1 m, the depth of maximum fluorescence and 50 m were fixed in acid Lugol's solution (3% final concentration), and 50 ml of each sample was counted after 24 h sedimentation using inverted microscopy. Cell volumes were estimated from linear dimensions assuming simple geometric shapes and converted to biomass using conversion factors of 0.11 pg C µm -3 for ciliates and athecate dinoflagellates and 0.13 pg C µm -3 for thecate dinoflagellates (Edler 1979) . The ingestion by ciliates and heterotrophic dinoflagellates was estimated from Levinsen et al. (1999) assuming a growth efficiency of 33% and converted to in situ temperature by a Q 10 of 2.8 (Hansen et al. 1997) .
Mesozooplankton. Mesozooplankton were sampled by vertical hauls from 100 m to the surface with a WP-2 net (200 µm mesh size). Sampling with a 200 µm net may have led to loss of some of the smallest stages and species through the mesh . Additional sampling was carried out with tows of a 45 µm mesh net inserted in a 2 m ring net (custom-built). Samples were preserved in 4% buffered formalin and at least 400 individuals were identified and their length measured for each sample. The biomass was calculated from length:weight regressions from the literature according to Hansen et al. (1999) .
Egg production experiments were conducted with Acartia longiremis (T.G.N. et al. unpubl. data) . Zooplankton were collected from the upper 50 m with a 200 µm net and a large non-filtering cod-end. The samples were diluted in surface water and brought to the laboratory. Three to 5 adult females were incu-bated in surface water in 600 ml acid-cleaned polycarbonate bottles for 24 h at in situ surface temperature. The carbon content of eggs was calculated from egg volume assuming 0.14 pg C µm -3 (Kiørboe et al. 1985) . The specific egg production of A. longiremis was assumed to be representative of the growth rate of the copepod population, and community production was calculated as specific egg production × total biomass. Grazing rates were calculated from the specific production assuming a growth efficiency of 33% (Hansen et al. 1997) .
Effect of copepods on dissolved organic carbon (DOC) production. The production of DOC by copepods was evaluated from their effect on the distribution of 14 C incorporated in different size fractions by primary production. Primary production was measured in triplicate (60 ml) from the surface and the fluorescence maximum, respectively, with and without copepods. Prior to the experiments the water was reverse filtered (< 45 µm) to remove mesozooplankton grazers. Three female Acartia longiremis were then added. After 24 h incubation the added copepods and produced eggs were removed and counted and the samples were filtered in size fractions (< 0.2, 0.2 to 0.6 and > 0.6 µm).
To each bottle 0.17 µCi H 14 CO 3 -ml -1 was added. One dark bottle (40 ml) for each depth was incubated. The incubations were carried out in running surface seawater. Surface samples received natural light while samples from the fluorescence maximum were screened with a black cloth cover through which 1 to 2% of surface irradiance could penetrate.
After 24 h, the incubations were stopped by placing bottles in the dark. Filtration began within 0.5 h. Triplicate 18 ml samples from each experiment were filtered sequentially through 0.6 and 0.2 µm filters and the filtrate was collected in scintillation vials. Filters were also placed in glass scintillation vials. Corrections were made for the content of any organic 14 C in the added H 14 CO 3 -checked by addition of 500 µl H 14 CO 3 -to 18 ml GF/F filtered seawater. Inorganic 14 C was removed by adding 300 µl 1 N HCl to each vial. All samples were frozen until further processing. Before liquid scintillation counting, the vials without lids were placed in a flow bench for 24 h. The 14 C activity collected on the 0.6 and 0.2 µm filters was assumed to be associated with phytoplankton and bacteria, respectively. Bacteria may also have been retained on the 0.6 µm filter. Sequential filtering of samples incubated for measuring bacterial production with 3 H-thymidine through 0.6 and 0.2 µm filters gave a correction for the distribution in each size fraction. By collecting 0.6 µm filtrate on 0.2 µm black polycarbonate filters, the appearance of autofluorescence, e.g. photosynthesizing organisms in the bacterial size fraction, was monitored. The part of primary production lost as DOC was calculated from the activity in the filtrate and the activity on the 0.2 µm filter corrected for the loss of bacteria on the 0.6 µm filter. A bacterial growth efficiency of 40% was assumed (Bjørnsen & Kuparinen 1991) .
The difference between the part of primary production lost as DOC in the incubations with and without added copepods was assumed to be caused by copepod feeding activity. This difference was compared to the ingestion by the copepods calculated from egg production, thereby achieving an estimate of the fraction of ingestion that was lost as DOC. Since copepods ingest phytoplankton cells and not only the 14 C marked fraction, the specific uptake rates determined in the control primary production bottles were used to calculate the actual DOC loss.
RESULTS

Water column structure and nutrients
The Polar Current enters Disko Bay in the southern part, where a sill forces the deep water into the euphotic zone ( Fig. 1) (Munk et al. unpubl.) . The water leaves the bay through Vaigat passage and, following a cyclonic circulation, it also leaves through the northern part of the bay. The northern part of the bay is influenced by meltwater from the glacier at Ilulissat, which creates a low salinity surface layer that extends through the northern part of the bay (Nielsen & Hansen 1995 . These hydrographic characteristics influence the water column structure and create a pronounced north-south difference along the transect. Stns 1 to 4 and Stns 7 to 11, which are north and south of the islands 'Hundeøerne', respectively, will hereafter be referred to as the northern and southern parts of the bay.
In the southern part of the bay the water temperature was between 4 and 6°C in the upper 50 m ( Fig. 2A) and the salinity increased from 32.6 psu at the surface to 33.6 psu at 50 m (Fig. 2B ). In the northern region higher temperatures and lower salinity were observed in the surface waters and the vertical gradient of both variables was more pronounced, leading to a stronger stratification in the northern than the southern part of the bay (Fig. 2C) .
The nutrient concentrations (Fig. 3 ) mirrored the salinity gradients. Nutrient concentrations were low or undetectable in and above the fluorescence maximum in the northern parts of the bay, whereas in the southern part, surface nutrient levels were generally high (Fig. 3) . The distribution of NO 2 -resembled that of NO 3 -, and NO 2 -constituted < 7% of the inorganic N pool. NH 4 + was not detectable in the northern part of the bay but constituted up to one-third of the total pool of inorganic nitrogen in the southern part.
Phytoplankton
A prominent feature along the transect was the subsurface chl a maximum (Fig. 2C) . The highest phytoplankton biomass of up to 200 µg C l -1 was recorded in the northern part of the bay. In the southern part of the bay, biomass was generally lower (< 65 µg C l -1 ). Phytoplankton size distribution was generally shared equally between cells larger and smaller than 11 µm, except for Stns 9 and 11, where cells <11 µm dominated (Fig. 4) . The species composition of large phytoplankton was evaluated at Stns 1, 3, 7 and 11. In the northern part the fraction >11 µm was dominated (> 95%) by a mixture of centric diatoms (Thalassiosira spp. and Chaetoceros spp.) and thecate dinoflagellates. In the southern part the fraction >11 µm was primarily chain forming or elongated centric diatoms (Chaetoceros spp. and Rhizosolenia spp.). There were no differences in the species composition between the surface layer and the layer of maximum fluorescence. The autotrophic nanoflagellates were dominated by dinoflagellates (58 ± 6 [SE]%) with a smaller contribution from chrysophyceae and at Stns 9 and 11 from haptophyceae.
Bacteria
As for phytoplankton, the maximum biomass of bacteria was found in the northern part of the bay (Fig. 5A ). The abundance of bacteria ranged between 3.1 × 10 5 and 1.1 × 10 6 cells ml -1 (data not shown). The average bacterial cell size was 0.094 ± 0.003 (SE) µm 3 . No trends were found in the distribution of bacterial cell size, and the distribution of bacterial biomass followed the abundance.
Bacterial production was highest in the surface water and decreased towards the bottom. The highest values (~10 µg C l -1 d -1
) were found in the northern part of the bay (Fig. 5B) , while lower values (up to 3.7 µg C l -1 d -1
) were found in the southern part. There is a linear correlation of y = 5.3x + 0.9 (r 2 = 0.90, p < 0.01) between bacterial production calculated on the basis of incorporation (µg C l -1 d -1
) of 14 C-leucine and 3 H-thymidine (Fig. 6 ).
Heterotrophic nanoflagellates
The average biomass of heterotrophic nanoflagellates (excluding the dinoflagellates) in the northern (0.12 ± 0.02 [SE] µg C l 
Ciliates and heterotrophic dinoflagellates
Biomass of ciliates and heterotrophic dinoflagellates peaked in the surface layers (Fig. 7 ) in contrast to their potential food source of phytoplankton, which peaked at the pycnocline (Figs. 2 & 4) . Assuming the same (Fig. 7 ) of ciliates and heterotrophic dinoflagellates were found in the northern part of the bay, where naked choreotrich ciliates and athecate heterotropic dinoflagellates dominated. There, Gyrodinium spirale and large Gyrodinium /Gymnodinum (> 40 µm) species contributed 78 ± 3 (SE)% of heterotropic dinoflagellates and 40 ± 3 (SE)% of the total protozooplankton biomass in samples from the fluorescence maximum and surface water. Potentially mixotrophic ciliates constituted 62 ± 3 (SE)% of the ciliate biomass with the greatest contribution from Mesodinium rubrum. In the southern part of the bay, the biomass of protozooplankton was lower (up to 24 µg C l -1 , ~9 cells ml -1 ) and primarily dominated by naked choreotrich ciliates, with a fraction of potentially mixotrophic ciliates of 35 ± 6 (SE)%. 
Mesozooplankton
The average mesozooplankton biomass was higher in the northern than the southern part of the bay. However, pronounced differences were observed between the stations (Fig. 8) . At Stns 3 and 4, which are closest to the islands 'Hundeøerne', the biomasses were more than 3 times higher than at the stations farther away from Hundeøerne probably due to upwelling (Fig. 2) along the islands. The WP-2 net only sampled the larger zooplankters, whereas the harpacticoid copepod Microsetella, nauplii and eggs were lost by the WP-2.
Total mesozooplankton community was obtained by combining the catch from the WP-2 with the samples from the 45 µm net for these groups, which was efficient at capturing the smaller stages and species, as well as copepod eggs.
Copepods dominated the mesozooplankton biomass, comprising more than 85% of the biomass, except at Stns 1 and 2, where gastropods contributed ~50% of the biomass (Fig. 8) . Apart from the gastropods, Appendicularia were the only other mesozooplankton notably present (but always comprising less than 1 µg C l -1 ). Calanus finmarchicus and C. glacialis (copepodite stages I to V) together with Psedocalanus formed 88 ± 4% of the copepod biomass.
Egg production of Acartia longiremis (Table 1) varied between 2.8 ± 0.6 and 6.2 ± 2.8 (SE) eggs female -1 d -1
with no significant differences being observed between stations along the transect (ANOVA, p = 0.56).
Effect of copepods on DOC production
Loss of primary production to DOC was calculated from the 14 C activity in the filtrate added the activity on the 0.2 µm filter corrected for the bacteria on the 0.6 µm filter. An average of 45 ± 1 (SE)% of the bacteria were retained on the 0.6 µm filter. Virtually no autofluorescence was observed in the 0.2 to 0.6 µm fraction. Thus, the activity measured on the 0.2 µm filter can be attributed to bacteria only.
The egg production in the DOC production experiment of 5.2 ± 1.0 (SE) eggs female -1 d -1 was not significantly different from the results in the egg production experiment (Table 1) (t-test, p = 0.62). demonstrating that the copepods had been actively feeding. In general, the fraction of primary production lost was higher when copepods were present ( Table 2) . The difference between the part of primary production lost as DOC in the incubations with and without copepods added relative to the ingestion by the copepods, i.e. percent of ingestion lost as DOC, was 6 ± 5 (SE)%. 
DISCUSSION
When comparing the southern and northern parts of Disko Bay, clear patterns emerge. In the southern part, where the Polar Current enters the bay, a sill forces deep water into the euphotic zone. Lower temperatures, higher salinity and higher concentrations of nutrients were observed in the surface layer, compared to the northern part, where the water leaves the bay. Differences were also found in the plankton community. Lower biomass levels of phytoplankton, bacteria and zooplankton were observed in the southern part of the bay compared to the northern part. In what follows, the focus will be on the overall differences in plankton communities between the southern and northern parts of the bay. A summary of the average integrated levels of biomass and rates for the 2 areas is given in Fig. 9 .
The 2 plankton communities
Primary production in Disko Bay has been shown to be limited by nitrogen in the late summer . The water that enters the bay is nutrient rich (Fig. 3) . During the circulation around the bay meltwater gradually dilutes this surface layer, reducing its salinity and establishing a stronger stratification. This, in combination with phytoplankton nutrient utilisation, resulted in nutrient depletion of surface water to the north. Below the pycnocline and in the southern part, nutrients were above detection limit.
In the southern part of the bay, small cells (<11 µm) dominated the phytoplankton biomass (Fig. 4) . The protozooplankton community consisted mainly of ciliates (Fig. 7) which, in general, graze on cells 1 ⁄8 of their own size (Hansen et al. 1994) , i.e. the <11 µm phytoplankton fraction. In the northern part of the bay, larger phytoplankton cells were relatively more abundant (Fig. 4) along with higher biomass of both ciliates and heterotrophic dinoflagellates (Fig. 7) . Heterotrophic dinoflagellates comprised mainly large-sized Gyrodinium spirale and Gyrodinium/Gymnodinum species (> 40 µm), which have been documented to have a prey: predator ratio higher than 1:1 (Hansen 1992 , Strom & Strom 1996 . This means that these dinoflagellates can graze the large phytoplankton, but they can also prey on other protozooplankters (see references in Hansen 1991) . The levels of protozooplankton biomass were comparable to those found in lower latitude waters (Hansen 1991 , Nielsen & Kiørboe 1994 , Richardson et al. 1998 and to those reported previously in Disko Bay (Nielsen & Hansen 1995 .
Biomass of copepods was, on average, comparable to protozooplankton biomass both in the southern and northern parts of the bay. Zooplankton biomass was ~3 times higher in the northern part compared to the southern part of the bay. Copepod community ingestion averaged 1.8 and 0.7 µg C l , respectively. Thus, considering the higher turnover of protozooplankton, their grazing impact was potentially most important.
The total zooplankton ingestion (copepods plus protozooplankton) was 58 and 20% of the phytoplankton biomass per day in the northern and southern parts of the bay, respectively. This suggests that the food web in the north could, to a lesser extent than the one in south, be supported by phytoplankton, and agrees with the idea of a trophic structure that comprises many levels within the zooplankton community in the north, as discussed above.
In summary, the hydrography in Disko Bay in the late summer caused development of 2 distinct pelagic communities: a plankton community with a complex trophic structure that may include omnivory in the north and a simpler herbivorous food web in the south. Differences in the food webs were likely under physical control, i.e. stratification versus upwelling.
Correlations between bacterial production and plankton biomasses
The pronounced differences between the plankton communities in the northern and southern parts of the bay apparently led to differences in the importance of factors influencing the bacterial community production. First, the bacterial production was 1.6 times higher in the northern than in the southern part of the bay. Sec- ). Solid arrows pointing toward a box represent carbon demand while those leaving represent production. (······C) Production of DOC. Numbers in brackets are percent of bacterial carbon demand fulfilled by the different sources of DOC Table 3 . The slope, intercept and correlation coefficient of the regression between protozoo-and phytoplankton biomass and bacterial production. **p < 0.01, *p < 0.05, ns = not significant ond, differences were found in correlations between bacterial production and plankton biomass (Table 3) . Using all data (north and south combined) produces a significant correlation of both protozooplankton and phytoplankton biomass to bacterial production, whereas mesozooplankton biomass or production showed no significant correlation. In the southern region no correlations were found between phyto-or protozooplankton, while in the northern region bacterial production correlated strongly to protozooplankton biomass and weakly to phytoplankton biomass. No correlations were found between the proto-and phytoplankton. The usefulness of information gained by correlating bacterial production and plankton biomass depends on causality. Bacterial production is controlled by the availability of resources, i.e. carbon or nutrients. The availability of carbon is usually assumed to be most important (Kirchman 1994 ), but shortage of N and P has also been suggested to limit bacterial growth (Heinänen & Kuparinen 1992 , Kroer 1993 , Zweifel et al. 1993 . Predation (Pace & Cole 1994 ) and temperature (Pomeroy & Deibel 1986 ) may sometimes limit bacterial community production to levels lower than sustainable by resources alone.
The correlation between bacterial production and protozooplankton biomass in the northern part of the bay can be explained by the production of resources for bacteria by protozooplankton, but may also be governed by protozooplankton grazing on bacterial predators, or on phytoplankton, which potentially compete with bacteria for nutrients. The surface water in the northern part of the bay is nutrient depleted (Fig. 3) . This indicates that there could be competition for nutrients. On the other hand, the large protozooplankton community suggests that high nutrient turnover rates and bacterial production were also found to correlate positively with the phytoplankton biomass. Since there was no difference in the biomass of potentially bacterivorous flagellates in the northern and southern parts, and an estimate of their clearance capacity shows that they can clear less than 1% of the water column per day, these are probably not the cause of the differences between the northern and southern parts. The slopes of the regression lines between phyto-or protozooplankton and bacterial production (0.03 and 0.08, respectively, Table 3 ) indicate that the protozooplankton is potentially more important than the phytoplankton in providing substrate for the bacteria.
Carbon flow scenarios
To evaluate the importance of possible sources of carbon for the bacterial communities, 2 carbon flow scenarios were constructed using an average of integrated values of biomasses and rates from the northern and southern parts, respectively. The 2 scenarios will be used to explain the differences in correlations shown above. The principal sources of DOC are exudates from phytoplankton and zooplankton grazing. To estimate these sources, several assumptions have been made. Nevertheless, by considering ranges for the rates, the calculations are useful to compare the 2 scenarios and to investigate the different sources of DOC. The estimated DOC production by the different plankton organisms is summarised in Fig. 9 , calculated as mean values of the ranges considered below.
The contribution from phytoplankton can be calculated assuming they release 5% of their carbon biomass per day (Bjørnsen 1988 in the northern and southern parts, respectively. Alternatively, the estimated primary production can be used together with the average of 13% of total fixation lost as DOC obtained from a compilation of data by Baines & Pace (1991) . Higher values of exudation have been reported especially from field experiments probably reflecting the problems of omitting small grazers from the experiments. The estimates based on primary production are 0.8 and 0.4 µg C l -1 d -1 in the northern and southern parts, respectively.
Protozooplankton ingestion can be calculated using the growth rates obtained by Levinsen et al. (1999) or alternatively by assuming a clearance capacity of 10 5 body volume h -1 and that the food available for ciliates and dinoflagellates is phytoplankton less than and larger than 11 µm, respectively. Strom et al. (1997) estimated that, on average, 32% of the carbon was lost by an ingestion event working with ciliates and dinoflagellates in laboratory. Thus, using this value and the different estimates of ingestion yields a contribution from protozooplankton of between 4.6 and 9.2 µg C l -1 d -1 in the north and between 0.4 and 1.4 µg C l -1 d -1 in the south.
Based on laboratory experiments with copepods grazing on small and large cells, between 20 (Strom et al. 1997 ) and 60% (E.F.M. & T.G.N. unpubl.) of ingested carbon has been reported to be released as DOC. Using these values and ingestion rates determined from our egg production experiments DOC produced by copepods ranged between 0.4 and 1.2 µg C l -1 d -1 in the north and between 0.2 and 0.6 µg C l -1 d -1 in the south.
A direct measure of the effect of copepods on DOC production during the present investigation was the increased fraction of primary production resulting in the dissolved fraction when copepods were present (Table 2) . A rough estimate of 6% of copepod ingestion lost as DOC was obtained when comparing the difference in the loss of DO 14 C in bottles with and without copepods to the ingestion performed by the copepods. Eppley et al. (1981) also evaluated zooplankton production of DOC using 14 C labelled phytoplankton, but did not show an increase in 14 C in the bacteria and the DOC pool in the presence of copepods. In their studies however, the presence of copepods did lead to increases in concentrations of dissolved primary amines and saccharides as well as bacterial production, and it was suggested that the greater part of the carbon flowing from zooplankton to bacteria was not 14 C labelled. This may also have been the situation in the present experiment.
Approximately 50% of the phytoplankton biomass in the experimental bottles would have been grazed if the copepod diet consisted only of phytoplankton. This was not the case; i.e. Acartia longeremis probably fed on protozooplankton in addition to phytoplankton. This is supported by Levinsen et al. (2000) , who found that the share of ciliates and dinoflagellates to ingestion estimated from egg production was up to 25 and 7%, respectively, working with A. longeremis at Stns 7 and 11 during the same cruise. Thus, unlabelled DOC was probably produced. If the feeding of copepods on protozooplankton was substantial, it could also lead to an underestimation of the loss caused by copepods, because the biomass of protozooplankton, and thus the feeding activity of protozooplankton, would be highest in the incubations without copepods. This could cause an increase in DOC due to protozooplankton feeding in the bottles without copepods, compared to the bottles with copepods.
Support for this hypothesis may be drawn from the negative effect of copepods on the DOC production in surface samples at Stn 2 (Table 2 ). This is also where the highest protozooplankton biomasses were found (Fig. 7) , suggesting that a substantial part of the copepod diet there might have consisted of protozooplankton. Also, results from the fluorescence maximum at Stn 4 indicate a negative effect of copepods on DOC production. The measurement of fractionated chl a (Fig. 4) shows that very little is available in the 11 to 45 µm fraction, suggesting that a great part of the copepod diet might have been protozooplankton as well. The above examples may provide circumstantial support for the suggestion by the carbon flow scenario of the importance of protozooplankton in production of DOC.
In summary, the carbon flow scenarios (Fig. 9) suggest that, in the northern part of Disko Bay, the major proportion of the DOC production originated from protozooplankton, while in the southern region, DOC originating directly from phytoplankton and from mesozooplankton grazing was as important as the contribution from protozooplankton. This agrees with the correlations found between plankton biomass and bacterial production (Table 3) . These also indicated the importance of protozooplankton to bacteria in the north, but that no plankton groups were significantly correlated to bacterial production in the south.
Supply of carbon compared to bacterial carbon demand
The extent to which the different DOC contributions can fulfil the bacterial carbon demand in the southern and northern parts of the bay can be estimated from bacterial production. In the present experiment, a factor of 5 was found between estimates made with 14 C-leucine and 3 H-thymidine (Fig. 6 ). The choices of conversion factors are critical and the added low 3 H-thymidine concentration may not have been sufficient to saturate bacterial uptake. Therefore the value calculated from 14 C-leucine uptake is used for estimating bacterial carbon demand. A growth efficiency of 40% is assumed (Bjørnsen & Kuparinen 1991) . This value is chosen conservatively in the higher end of the range reported for natural assemblages of marine bacteria (Carlson & Ducklow 1996) ; i.e. the bacterial carbon demand may by higher.
Bacterial carbon demand was apparently more balanced by the DOC production in the northern part than in the southern part of the bay (Fig. 9) . DOM has been shown to accumulate through the productive season at lower latitudes (Zweifel et al. 1995 , Carlson et al. 1998 . Low temperatures limiting the bacterial production during spring bloom in the Arctic (Pomeroy & Deibel 1986 ) could lead to accumulation of DOM that could possibly be used when temperatures are higher, i.e. in late summer.
An estimate of the production of substrates for bacteria by zooplankton and phytoplankton in the northern part of Disko Bay during spring bloom can be made using the data provided by Nielsen & Hansen (1995) 23 Table 4 . The potential importance of copepods, protozooplankton and phytoplankton in production of carbon for bacteria in Disko Bay during and after the spring bloom 1992. Numbers in brackets are percent of bacterial carbon demand fulfilled by the different sources. Based on Nielsen & Hansen (1995) Spring (during bloom) Spring (after bloom) (June 22-28, 1992 and the same assumptions as above about the production of DOC (Table 4) .
Comparing the relative importance of planktonic organisms reveals that both the production of DOC by phytoplankton and copepods is higher in spring than in the late summer. Copepods may be even more important if it is considered that phytoplankton cells are larger in spring (Nielsen & Hansen 1995) than in late summer, i.e. that in spring the loss by sloppy feeding will be greater (E.F.M. & T.G.N. unpubl.). The total DOC production during and after the bloom is similar, although in the post-bloom period, cell lysis may lead to higher exudation of DOC which would increase the contribution from phytoplankton. In the early spring it seems that the production of DOC by the plankton community can more than fulfil the bacterial carbon demand. During the 2 wk period of the study the bacterial carbon demand almost tripled, presumably in connection with the increasing temperature leading to a more balanced proportion between production and consumption of DOC. Thus, this estimate suggests a potential accumulation of DOC during the early spring bloom, which can be used later by the bacteria.
Conclusion
The present study documented the tight coupling between hydrography and plankton community structure. Two different plankton communities were found in the southern and northern parts of Disko Bay, reflecting the entrance of the Polar Current to the bay in the southern part and its departure in the northern part together with run off from the Ilulissat glacier. A plankton community with higher biomasses of all organisms and an apparently more complex trophic structure was found in the northern part, compared to a simpler herbivorous food web in the southern part of the bay. Bacterial production was also higher in the northern region. Protozooplankton played a key role not only as grazers but also as producers of substrates for the bacterial community.
